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Abstract
The diet of young of the year sea bass, Dicentrarchus labrax L., from sheep grazed and ungrazed tidal salt marshes were com-
pared qualitatively and quantitatively in Mont Saint-Michel Bay. In areas without grazing pressure, the vegetation gradient changes
from a pioneer Puccinellia maritima dominated community at the tidal flat boundaries through a Atriplex portulacoides dominated
community in the middle of the marsh to a mature Elymus pungens dominated community at the landward edge. The A. portula-
coides community is highly productive and provides important quantities of litter which provides a habitat and good supply to
substain high densities of the detrivorous amphipod Orchestia gammarellus. In the grazed areas, the vegetation is replaced by P.
maritima communities, a low productive grass plant, and food availability and habitat suitability are reduced for O. gammarellus.
Juvenile sea bass colonise the salt marsh at flood during 43% of the spring tides which inundate the salt marsh creeks. They forage
inside the marsh and feed mainly on O. gammarellus in the ungrazed marshes. In grazed areas, this amphipod is replaced by other
species and juvenile sea bass consume less food from the marsh. This illustrates a direct eect of a terrestrial herbivore on a coastal
food web, and suggests that management of salt marsh is complex and promotion of one component of their biota could involve
reductions in other species.
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1. Introduction
Salt marsh generally has a very high conservation
value, directly as a result of their species complement
and their role as a feeding ground for migrant birds
(Schricke, 1983; Lefeuvre et al., 1994, 2000; Norris et
al., 1997), but also indirectly as an important feeding
ground for fish, especially juveniles (Boesch and Turner,
1984; Minello and Zimmerman, 1992; Rozas and Reed,
1993; Kneib, 1997; Laaille et al., 1998, 1999). The salt
marsh ecosystem, therefore, acts as an important inter-
face between the terrestrial and marine habitats, and as
such, comes under pressure from both ends (reclamation,
overfishing, overgrazing) (e.g. Bakker, 1989; Lefeuvre,
1992; Lin and Beal, 1995). In this paper we will examine
one of the interactions across this interface, the impact
of sheep grazing on juvenile sea bass within the Mont
Saint-Michel bay on the Atlantic coast of France.
Sea bass, Dicentrarchus labrax L., is one of the most
abundant commercial species of the Atlantic coast, and
most research on this species has focused on its production
and farming. Only a few studies have been concerned
with its ecology (Pickett and Pawson, 1994; Pawson and
Pickett, 1996), though knowledge of the feeding ecology
of young stages is, for example, necessary to understand
mortality within age classes (Arrhenius, 1996). Sea bass
is one of the most abundant species in Mont Saint-
Michel bay (Feunteun and Laaille, 1997), where young
fish, and especially the young of the current year (referred
to here as juveniles), occur frequently at high densities
in mudflats and in the creeks of vegetated salt marshes
(Laaille et al., 1998, 2000).
Most European salt marsh grazed by domestic stock,
usually cattle or sheep (Bakker, 1989). In Mont Saint-
Michel Bay three-quarters of salt marsh area (30–32
km2) are grazed by 17 000 ewes. This grazing has caused
important impacts on the habitat structure, including a
transformation from a highly productive Atriplex por-
tulacoides community to low productively Puccinellia
maritima community with a lower production (Guillon,
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1984; Bouchard et al., 1995; Bouchard, 1996; Vivier,
1997). However, almost nothing is known about the
impacts of this grazing pressure, whether direct or indir-
ect via change in community structure, on other parts of
the ecosystem, including fish populations. Here we make
a preliminary study of the impacts of sheep grazing on
juvenile sea bass by comparing fish diets in grazed and
ungrazed parts of the marsh.
2. Methods
2.1. Study site
Mont Saint-Michel Bay is a wide littoral zone situated
in the Normano-Breton Gulf of France (Latitude 48400
N, Longitude 1400 W) extending over 500 km2 (Fig. 1).
This bay is a macrotidal system with the second highest
tidal range in Europe (mean: 10–11 m; maximum: 16
m). The intertidal zone covers 220 km2, including 180
km2 of mud flats and 40 km2 of salt marsh. The salt
marsh is incised by a more or less dense creek network
where sea water comes in during the tidal cycles. Sea water
reaches these creeks when the water level is >11.25 m;
approximately in 43% of tides. The salt marsh vegetation
is flooded when the water level is >12.40 m (5–10% of
the tides). This salt marsh complex of tidal creeks and
vegetated tidal flats can be invaded by fish only during
these spring tides, and for a very short period (1–2 h)
during each tide (Troccaz et al., 1994; Laaille et al.,
1998). These characteristics are the principal dierences
between European and north-east American salt marshes
which are inundated twice a day by tide (Morley, 1973;
Beeftink, 1977; McKee and Patrick, 1988).
Our study sites were located in the vegetated salt
marshes. They were distributed in salt marshes between
Mont Saint-Michel and the ‘Polder Bertrand’ (15 km
distance). The distance from the minimum sea level
increased from east to west. Four creeks, two in ungrazed
and two in gazed zones of salt marshes were chosen
because: (1) they presented similar widths (10 to 15 m
wide) and they were near to vegetated/unvegetated salt
marsh boundaries; and (2) they presented dierent vege-
tation characteristics, as a result of dierential grazing
pressures.
A game reserve of about 7 km2 of salt marshes was cre-
ated to avoid sheep grazing and hunting. According to
Bouchard et al. (1995), Bouchard (1996), Bouchard and
Lefeuvre (1996) and Lefeuvre et al. (1994, 2000), the plant
community is mainly structured along a submersion gra-
dient. Three zones are distinguished: the pioneer zone is
characterised by very short vegetation (<5 cm) domi-
nated by Salicornia spp. and Puccinellia maritima and
the production is about 2–5 t haÿ1yÿ1 of organic matter
(OM) net aerial dry production (NADP); the middle
zone dominated by Atriplex portulacoides (20–25 t OM
haÿ1yÿ1) with tall stems (50–70 cm high) and the mature
zone dominated by Elymus pungens (15–20 t OM
Fig. 1. Location of the Mont Saint-Michel Bay and the four study sites (A, B, C and D).
haÿ1yÿ1). Two sites were selected in ungrazed vegetated
areas: sites B and C (see Fig. 1).
In grazed areas (30–32 km2), the vegetation zones
disappear and are replaced by a nearly monospecific P.
maritima community (3–6 t OM haÿ1yÿ1). This is a
known missing consequence of grazing by herbivores in
many European salt marshes (Guillon, 1984; Bakker,
1989; Kiehl et al., 1996; Vivier, 1997). Therefore, this
area is much less productive than the ungrazed one
dominated by A. portulacoides (20–25 t OM haÿ1yÿ1).
Two sites labelled A and D were selected in the grazed
salt marsh (see Fig. 1).
2.2. Fish sampling
In 1998, juvenile sea bass were caught in each site in
July at the end of the recruitment period and in October
when the fish start emigrating to deeper waters (Laaille
et al., 1998, 2000). Samplings were made during the
evening ebb in order to analyse diets after residence in
the salt marsh creeks. Samplings were conducted using 4
mm mesh fyke nets settled across the creeks accordingly
to the methods of Laaille et al. (1998). The samples
were deep frozen (ÿ18C) until examination of the gut
contents. Fish were individually measured to the nearest
mm [fork length (FL)] and weighed to the nearest 10 mg
[individual fresh body weight (BW)].
2.3. Gut content analysis
The entire digestive tract was removed from each sea-
bass >20 mm. The number of empty stomachs was
counted and a vacuity index was determined [proportion
of empty stomachs (%V)]. Each digestive tract content
was weighed to the nearest 10 mg [digestive content
fresh weight (FW)] to determine the instantaneous food
ration, %Ir (Pawson and Pickett, 1996), as:
%Ir  FW=BW 100:
%Ir values were compared using Kruskall–Wallis and
Mann–Whitney non-parametric tests (Sokal and Rohlf,
1981).
Prey were identified to species and weighed to the
nearest 10 mg [item fresh body weight (IW)]. For each
sample we calculated, the occurrence (%FO), the
numeric composition (%N) and the biomass composi-
tion (%B) of the food items. In order to analyse and
compare the diets, we used the Main Food Index (MFI)
for each food item (Zander, 1982) as modified by Laf-
faille et al. (1999) for each food item:
MFIi  %Bi  %Ni %FOi=21=2=MFIi  100;
i  food item i:
The diets were compared using G test or likelihood
ratio test (Sokal and Rohlf, 1981) modified by Williams
(1976).
3. Results
3.1. Abiotic characteristics
Each month, the meteorological conditions at time of
sampling were similar (no wind, clear sky). The tidal
amplitudes were between 11.50 and 11.85 m during eve-
ning ebbs (between 19.20 and 21.00 h GMT). Variations
of abiotic conditions were, therefore, minimised between
each period.
Variations were observed for temperature and salinity.
In July, average water temperature was between 19.5 and
21.6C for all sites, whereas in October, lower tempera-
tures were observed in sites B and C (13.0 and 12.0C,
respectively) compared to sites A and D (15.3 and 15.8C,
respectively). The salinity was higher in sites closest to the
minimum tide level (A) with values ranging from 35% in
July 34% in October. Conversely the salinity was lower in
sites closest to river outlets and farthest from the mini-
mum tide level. In site D, salinity ranged between 20% in
July and 14% in October. The central sites (B and C) had
an intermediate salinity (Table 1).
3.2. Diet in July
459 young sea bass (average fork length 266 mm)
were caught in the four sites, and 255 stomach contents
were analysed.
The instantaneous ratio (%Ir) varied between 12.0 and
17.2% (Fig. 2). %Ir varied significantly between sites
(Kruskall–Wallis test = 23.4, P<0.001). Two groups
were discriminated; %Ir is significantly greater (U-test,
all P<0.01) in bass from sites B and C (respectively, 15.4
and 17.2%) than in sites A and D (respectively, 12.7 and
12.0%). Within each group, no significant dierence was
observed between sites (U-test, all P>0.05). Thus
instantaneous food ratios in sites A and D were 25%
lower than those in sites B and C.
Similar observations were made for the vacuity index
(Fig. 2): very few sea bass had empty stomachs as they
left the salt marsh at sites B and C (%V=0–3%),
whereas %V was 22% at site D and 6% at site A.
In July, 10 food items were identified (Table 2). Three
were common and dominant: the amphipod Orchestia
gammarellus, the mysid Neomysis integer, and cope-
pods. Their average contribution was similar (mean
MFI= 25–30%), but variation were observed between
sites. O. gammarellus was the main food item in sites B
and C (MFI =46 and 36%, respectively) whereas it was
of lesser importance in site A (MFI=26%). In this site,
copepods represent secondary prey (MFI=27%), and
N. integer is the main food item (MFI=38%). In site D,
the diet was dominated by copepods (MFI=43%). The
seven other items were scarcer (MFI<16%). The diets
are significantly heterogeneous between the four sites (G
test, all P<0.005).
3.3. Diet in October
118 young sea bass (average length 609 mm) were
caught in the four sites and 70 stomach contents were
analysed.
Only three sea bass were caught in site C, and were
not used for the present analysis. The instantaneous
food ratio (%Ir) ranged between 6.5 and 11.2% (Fig. 2).
As in July, %Ir was significantly heterogeneous between
the three sites (Kruskall–Wallis test = 20.7, P<0.001).
%Ir was significantly higher (U-test, all P<0.005) in site
B (%Ir=11.2%) than in the two others. There was no
significant dierence between sites A and D (U-test=
240, P=0.368).
The feeding rates were therefore 40% lower at sites A
and D than at site B. Dierences of vacuity index were
similar to those observed in July (Fig. 2): none of the sea
Table 1
Abiotic characteristics (tide amplitude and time, temperature and
salinity) during sampling at the four sites (A, B, C and D) during July
and October
Month Creek Tide
amplitude
(m)
Hour
of tide
(hGMT)
Temperature
(C)
Salinity
(%)
July A 11.50 19.22 20.8 35.0
B 11.85 20.15 20.0 30.0
C 11.85 20.10 21.6 31.9
D 11.75 20.55 19.5 20.3
October A 11.80 20.40 15.3 33.7
B 11.65 19.50 13.0 30.5
C 11.80 20.05 12.0 29.6
D 11.65 21.05 15.8 14.2
Fig. 2. Spatial fluctuations of instantaneous ratio (%Ir) and vacuity
index (%V) in July and October: b, %Ir significantly higher than a (U-
test); A, B, C and D, study sites.
Table 2
Food items identified in the stomach contents of young sea bass caught during ebb in sites A, B, C and D in July and Octobera
MFI of Taxon July October
A B C D A B C D
Insects 0.9 – 1.4 0.5 7.7 2.1 – 1.1
Arachnids – – – – – 4.0 – 2.4
Crustacean
Decapods
Crangon crangon – – – – – – – 4.4
Palaemonetes varians – – – 1.8 9.8 – – 4.1
Carcinus maenas – 3.8 – – – – – –
Amphipods
Orchestia gammarella 25.7 45.8 35.7 11.7 22.4 71.1 62.5 23.3
Corophium volutator 6.4 1.2 – 7.0 27.6 0.6 – 21.6
Isopods
Sphaeroma rugicauda – 4.6 – – – – – –
Eurydice pulchra 2.3 – 15.4 3.5 – 17.5 17.5 2.1
Mysids
Neomysis integer 37.8 31.7 23.6 24.4 5.6 2.1 20.0 7.5
Copepodites 26.8 12.8 19.2 42.8 – – – –
Polychaetes
Hediste diversicolor – – 4.9 8.3 26.5 2.6 – 33.7
n 84 38 16 87 11 21 3 26
a MFI, main food index; n, number of stomach contents analysed.
bass had empty stomachs as they left site B, whereas
%V was 8% in site A and 24% in site D.
Nine items were identified (Table 2). Compared to
July, there was an absence of small items such as cope-
pods. Moreover, the diets were significantly hetero-
geneous between the three sites (G test, all P<0.01). O.
gammarellus was the main food item in site B
(MFI=71%). No dominant item appeared in sites A and
D: the polychaeteHediste diversicolor, the amphipods O.
gammarellus and Corophium volutator having MFI
between 22 and 34%. Neomysis integer was present in
diets of three sites, but the food index is low (MFI=2–
7%). The five other items were also of minor importance
(MFI <18%).
4. Discussion
4.1. Feeding activity
In their first year, young sea bass, Dicentrarchus lab-
rax L., fed in all the sites samples, which confirms the
fundamental nursery role played by macrotidal salt
marshes (Laaille et al., 1998). However, the feeding
activity varied according to seasons and sites. It was
lower in October and in all cases, it was lower in sites A
and D, where the P. maritima plant communities dom-
inate, than in sites B and C, which are characterised by
Atriplex portulacoides plant communities. The diets
were also very dierent among sites. In sites B and C,
the diet was mainly based upon O. gammarellus. In the
two other sites, this item was of lesser importance, and
replaced by other prey such as Neomysis integer, C.
volutator, H. diversicolor and copepods. In all cases, sea
bass fed among the most abundant prey available at the
marsh. This study confirms that small crustaceans and
polychaetes constitute an important food item for juve-
nile sea bass (e.g. Labourg and Ste´quert, 1973; Apraha-
mian and Barr, 1985; Pickett and Pawson, 1994;
Pawson and Pickett, 1996).
4.2. Influence of abiotic factors
Temperature and salinity are well known to a eect
feeding behaviour. Temperature has a major influence
on growth and food uptake by juvenile sea bass (Alliot
et al., 1983; Hidalgo and Alliot, 1988; Russell et al.,
1996). Thus it would be expected that consumption of
food would be lower in October than in July, irrespec-
tive of the site. Salinity is more variable among sites
than among seasons. The eect of salinity on sea bass
feeding behaviour is not clear. Dendrinos and Thorpe
(1985) found maximum growth rates at salinities of
30%, but Chervinski (1975) and Arias (1976) found that
a lower salinity favoured growth. Ste´quert (1972)
argued that growth is faster in environments where
variable salinity occurs, as in salt marshes. In Mont
Saint-Michel bay, the lowest salinity was noted in site D
where lowest %Ir and highest %V are observed, but it
was also the most intensively grazed area.
4.3. Impacts of grazing
Mont Saint-Michel Bay comprises 40 km2 of tidal salt
marshes characterised by a dense halophytic vegetation.
In ungrazed marshes (sites B and C), the tall A. portu-
lacoides community provides large amounts of litter
which provided both a suitable habitat and food for
small resident detritivorous crustaceans such as O. gam-
marellus (Fouillet, 1986; Lefeuvre et al., 1994; Cre´ach et
al., 1997; Lefeuvre et al., 2000). However, more than
75% of the marsh is intensively grazed by more than 17
000 ewes, and the original vegetation is replaced by the
less productive and shorter P. maritima community in
the A. portulacoides community zone (Guillon, 1984;
Bakker, 1989; Kiehl et al., 1996; Vivier, 1997), which
provides smaller amounts of litter and less suitable habi-
tats for Orchestia gammarellus, which is much less abun-
dant there (Fouillet, 1986). This amphipod is a semi-
terrestrial species (Lincoln, 1979) with a low swimming
capacity. When the creek is flooded, it is easily caught by
small predators such as juvenile sea bass. Conversely,
the main food items in grazed sites with P. maritima
communities are either semi-pelagic species such as N.
integer and C. volutator, or benthic invertebrates such as
H. diversicolor and copepods which are less abundant
and not as easily caught by sea bass. This probably
explains why the food ratio is 25 to 40% lower in grazed
areas than in ungrazed areas. Thus, the sheep grazing is
responsible for a reduction of food availability and
consequently of significant reduction of the growth rate
that depends on feeding in salt marshes. This negative
eect must certainly eect similarly other small pre-
dators such as sand gobies (Pomatoschistus minutus) for
which the main food item in salt marshes is also O.
gammarellus (Laaille et al., 1998, 1999).
4.4. Implications for conservation
It is generally admitted that global change, such as the
predicted sea level rise, could have major consequences
on fisheries (e.g. Morris et al., 1990; Bigford, 1991).
Heterogeneous habitats can modify the organisation of
biological interactions within biocenoses, such as fora-
ging, predation and competition (Coen et al., 1981;
Mittelbach, 1986; Werner and Hall, 1988; Danielson,
1991). In the tidal salt marshes of Mont Saint-Michel
Bay, sheep are considered as engineer species according
to Lawton and Jones’ (1995) definition. They are
organisms which modulate directly and/or indirectly the
availability of the resource for other species. Because of
their grazing and trampling pressure they create and
sustain new habitats characterised by short lawns
dominated by P. maritima. From a conservation point
of view, grazing plays a management role. Grazing at
moderate stocking density creates a pattern of closely
grazed and lightly grazed patches, where plant diversity
is increased (Bakker et al., 1993). Intensive grazing,
which is the case in the salt marshes in the Mont Saint-
Michel bay, may result in a low species number, due to
complete or partial destruction of vegetation and top-
soil by trampling (Bakker, 1989). Intensive grazing also
decreased the potentiality of organic matter and nutrient
export to coastal waters by modifying the soil micro-
biological processes which aect nitrogen and carbon
cycling (Vivier, 1997). We estimate that indirectly,
intensive sheep grazing reduces (1) the feeding activity
of juvenile sea bass, (2) their subsequent growth rate, (3)
mortality induced by trophic resource limitation as
demonstrated by Crowder et al. (1987) and Miller et al.
(1988). Conversely, these new habitats are favourable to
other species such as wintering anseriforms (Anas pene-
lope and Brenta bernicla). These birds consume con-
siderable amounts of P. maritima in short lawns
(Schricke, 1983), and this is not possible in ungrazed
areas where the vegetation is too tall. In Great Britain,
moderate cattle grazing permits very high densities of
breeding redshank (Tringa totanus) on upper marsh
(Norris et al., 1997), but it has been suggested that an
increased on grazing intensity was the most likely
explanation for a decline in breeding densities of the
redshank (Norris et al., 1998). The findings suggest that
management of salt marshes to promote one component
of their biota could involve reductions in other species.
This study shows to that strong interactions exist
between use and resources, with, on the one hand,
exploitation of the primary production by sheep farm-
ing and on the other hand exploitation of the secondary
production by juvenile sea bass. The study of interac-
tions between organisms, whatever their origin (terres-
trial, aquatic or aerial), and their common habitats
whether they are exploited for reproduction, feeding or
resting, is of major importance to enable sustainable
management of coastal wetlands. It seems then impor-
tant to be able to quantify this eect at several scales
going from the individual to the landscape. Indeed,
organic matter transfers through landscape compart-
ments and particularly the role of biocenoses as biotic
vectors is a basic question for landscape ecology and
particularly the importance of salt marshes in preserva-
tion of the littoral secondary production and biodi-
versity conservation.
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